Introduction
In our previous paper [1] we followed the behaviour of 1,4-disubstituted 1,4-diazabuta-1,3-dienes with a mixture of potassium thiocyanate and cyanate in glacial acetic acid. During the reaction the formation of nonsymmetrical molecules of 1,4-disubstituted-5-thioxoperhydroimidazo [4,5-d] imidazol-2-ones (monothioglycouriles) was found. They were formed in criss-cross cycloaddition reactions. In the literature, symmetrical crisscross cycloadditions on 2,3-diazabuta-1,3-dienes (azines) are well documented [2{4] . Cycloadditions on 1,4-diazabuta-1,3-dienes are rare. Sakamoto et al. [5] published work on the cycloaddition of aryl and benzoyl isocyanates to 1,1-biisoquinolines and Takahashi [6] studied the reaction of simple 1,4-diazabuta-1,3-dienes with trimethylsilylisothiocyanate ¤ E-mail: potacek@chemi.muni.cz under formation of perhydroimidazo [4,5-d] imidazole-2,5-dithiones (thioglycoluriles). Besides the methods mentioned already, thioglycoluriles can also be prepared by the condensation reaction of 1,2-dioxo compounds with thiourea in an alkaline medium [7] . Another method using exchange of oxygen in tetramethylglycolurile by Lawessons reagent (P 2 S 5 ) is also described [8] . However, there are some discrepancies in the literature. Thus, one can¯nd that the cyclocondensation reaction of glyoxal with thiourea gave according to the literature [9] diimino-dithiadiazabicyclooctane, in contrast to work published by Pauly [10] , where the product should have been thioglycolurile. Compounds with a glycolurilic skeleton are used as biologically active compounds. Thus, 1,3,4,6-tetramethylperhydroimidazo [4,5-d] imidazole-2,5-dione was used as a day tranquilliser [11] under the name Mebicar. Other chlorinated compounds with a glycolurilic structure showed very good bactericidal properties. 1,3,4,6-tetrachloro-3a,6a-diphenylglycoluril [12] , [13] and 1,3,4,6-tetrachloro-3a,6a-dimethylglycoluril [13] , [14] were therefore published and patented. Further application of glycoluriles was found as whitening agents [15] [16] [17] as well as rigid structural units in supramolecular chemistry [18] [19] [20] [21] [22] . In our short communication [1] , we wrote about criss-cross cycloadditions to some 1,4-disubstituted 1,4-diazabuta-1,3-dienes (1) as an easy and cheap way to obtain mixed 1,4-disubstituted 5-thioxoperhydroimidazo [4,5-d] imidazole-2-ones (3) (monothioglycoluriles). These products appeared always as the major products, being in huge excess of the symmetrically formed molecules (2) . Such behaviour is extremely developed in the 4-methoxyphenyl substituted derivative (1) a derivative with aromatic substitution. Therefore in this paper we would like to extend our attention to 1,4-bis(4-substituted phenyl) 1,4-diazabuta-1,3-dienes (glyoxalimines).
Results and discussion
The 4-substituted phenyl glyoxalimines (1) were prepared as starting compounds according to the literature [23] by the condensation of glyoxal with aromatic amines. Their yields after careful crystallization were only moderate. Our attempts to prepare aromatic glyoxalimines with 3-acetyl, 4-cyano and 4-nitro substitutions were not successful. All synthesized glyoxalimines were checked and characterized by our spectral data.
For the following criss-cross reaction the aromatic glyoxalimines were in one portion added to a prepared solution of potassium cyanate and thiocyanate, respectively, in glacial acetic acid and left to react under stirring for 1 hr. The solution was then poured into water and the precipitate which formed was¯ltered o®. Any chromatographic separation was not possible because the products of reaction are mostly insoluble in common organic solvents. The mentioned separation by pouring the reaction mixture into water seems to be the best method of isolation and also the best way to get rid of acetic acid and inorganic salts. From preliminary kinetic experiments we have learnt that glyoxalimines are unstable in the presence of acetic acid and undergo rather fast decomposition to compounds soluble in water (their structure has not been researched). Therefore, the mentioned working up procedure represents a good way to attain pure compounds. When the reaction was carried out with potassium thiocyanate (Procedure A) the product of the reaction was identi¯ed as dithione (2) (Scheme 1). In case a mixture of KNCO and KNCS was used (the best experimentally found ratio KNCO:KNCS:glyoxalimine was 2:1:1) (Procedure B) we found after the isolation procedure, formation of mixed crisscross product (3), in some cases (R = a, b) accompanied by product (4) (Scheme 2). The yield of the mixed products (3) was in some cases good, in some cases moderate. The yields of products (2), (3) and (4) are presented in Table 1 . A completely new product (4) was identi¯ed when a similar procedure was carried out with KCNO only (Procedure C). In that case we succeeded to trap the predicted [25] intermediate -1,3-dipole X (Scheme 2). In the presence of both KCNO and KNCS in the reaction mixture, the intermediate X, formed by the attack of one molecule of cyanic acid on glyoxalimine, reacts immediately with the present thiocyanic acid. Without thiocyanic acid it is acetic acid that attacks the dipole X. The reactive intermediate X immediately enters into reaction with the present glacial acetic acid, forming product (4) .
In an NMR spectrum of the symmetrical molecules (2), there was only one signal for the protons H3a and H6a, as a singlet with double intensity. In the mixed derivatives (3), the signals of these hydrogen atoms di®er in chemical shift (signals appear in d]imidazol-2-one 3c and its X-ray structure (CCDC 179213) [1] . The product (4a) was identi¯ed by application of COSY, HMQC, HMBC and NOESY experiments. Dipolar interaction between H4 and H5 observed in the NOESY spectrum supports the assumed cis orientation of these protons. This is further supported by the value of the scalar coupling H4-H5. The value is somewhat smaller as compared to bicyclic structural analogues (2) and (3) with coupling of about 8 Hz. The observed coupling of about 5.5 Hz for the discussed arrangement could indicate slightly higher values of the dihedral angle H4-C4-C5-H5. >From mass spectra one can¯nd that the main fragmentation of the skeleton of glyoxylimines (1) is characterized by the splitting of the substituted phenyl group followed by HCN separation. In the spectrum of (1c), besides the same pattern, it is possible to see fragmentation of methyl from the methoxy group. The main fragmentation of product (2) arises again from splitting of the substituted phenyl group and then separation of one of the fused rings. In the case of non-symmetrical perhydroimidazo [4,5-d] imidazolones (3), the fragmentation is similar to the case with compound (2) and the splitting of the fused thioxo ring is roughly as abundant as that of the oxo ring. For the new compound (4a) fragmentation into two particles is characteristic. The 4-substituted phenyl ring with the neighbouring NH and C5-H atoms of the imidazolidine ring split o®.
Experimental
Melting points were measured on a Boetius Rapido PHMK 73/2106 (WÄ agetechnik) instrument with a TM-1300 K thermometer. TLC was carried out on a Silufol (Kavalier), detection was made by a Fluotest Universal (Quazlampen, Hanau) or in I 2 vapors. NMR spectra were recorded on a Bruker Avance 300 and chemical shifts are reported in ppm relative to TMS. The measured 13 C-and 1 H-NMR spectra were correlated with those obtained by simulation (Advanced Chemistry Development, Inc., Toronto, Canada). Mass spectra (EI, 70 eV) were determined on FISONS TRIO 1000.
Preparation of glyoxalimines
p-Substituted aromatic glyoxalimines were prepared according to the literature [26] by condensation of glyoxal with aromatic amines in 2-propanol. 
General procedures
Procedure A Preparation of symmetrical perhydroimidazo [4,5-d] imidazole-2,5-dithiones (2) Glyoxalimine (1) (1 mmol) was added in one portion to a solution of KNCS (0.5 g, 5.15 mmol) in glacial acetic acid (5 ml). After 1 hour of stirring, the reaction mixture was poured into water (200 ml). The product was¯ltered o® and washed with water (20 ml), ethanol (20 ml), and acetone or ether (20 ml) and dried in vacuum (2 mm/60 ± C). 1a (276 mg, 1 mmol). Crude product is a mixture of (3a) and (4a) (in a ratio 9:1). Compound (4a) was extracted with acetone. Insoluble in CHCl 3 and acetone, soluble in DMSO; mp 308-310 ± C (decomp, quick darkening at 305 ± C). thus in some cases we were not able to transfer this to an isolable species.
Dedicated to Professor Branko Stanovnik on the occasion of his 65
th birthday anniversary.
